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1. 比较了磷酸、柠檬酸、硝酸在临床常用浓度下，以及 pH=0.5 时的酸蚀效果，实
验结果表明，使用 37%医用磷酸凝胶对牙釉质预处理 30s 即可得到理想的效果。酸蚀后
涂层在釉质表面生长出厚度约为 25μm 的羟基磷灰石涂层，结构致密，与基底紧密结合。  
2. 探讨了涂剂粉料合成方法对涂层性能的影响，结果表明熟化法合成的 HA 粉末
在涂层生长过程中具有更高的反应活性，涂层表面结构更加致密，维氏硬度达到
























Dental caries is a prevalent chronic and world-wide oral disease. The loss of teeth as a 
consequence of serious caries greatly reduces the quality of one’s life. The strategy to prevent 
the development of caries is the effective treatment of early lesions. Currently, enamel defects 
are frequently refilled with unstructured substitutes. The problems involved in this repair 
when it is applied to early lesions of caries are: the unaffected part of tooth should be 
excavated deeply for mechanical holding of the repair materials because the simple setting of 
them on the tiny affected part results in their falling away. Even after this treatment, 
secondary caries frequently arises at the interfaces between the tooth and foreign materials. 
Different thermal expansion and contraction rates between tooth enamel and repair materials, 
which are caused by the differences in terms of chemical composition and crystal structure, 
prevent perfect adhesion, severely limiting an early repair of decayed teeth. The key to 
overcome these issues is to reconstruct hydroxyapatite (HA) repaired layer, the same 
inorganic component as the enamel, to the affected part without any excavation.    
Based on investigation of the characteristics of natural tooth enamel both in composition 
and morphology, HA coating was prepared on the human enamel surface using formula based 
on the previous studies. The effects of enamel etching, synthesis methods of HA powder and 
reaction time were studied systematically. In situ techniques combined with several traditional 
characterization methods were applied to investigate the physical and chemical properties of 
HA coating. The biocompatibility of HA coating was also discussed. The results were showed 
as follows: 
1. We compared the etching effect of phosphoric acid, citric acid and nitric acid in 
clinical common concentrations and pH=0.5. The experimental results showed that, using 
37% medical phosphoric acid gel to enamel pretreatment for 30s could get an ideal result. 
After the etched in enamel surface HA coating thickness reached to about 25 μm.The structure 
of the coating was fine and close, and closely combining to the basement.  
2. Experimental results indicated that the paste with HA particles synthetized through the 
ageing method showed higher reactivity, and was superior to that with HA particles 















crystallization of the coatings. The newly formed coatings can be self-assembled into an 
enamel-like microstructure, the average hardness reached 160~180VHN. After reaction for 
15min, the coating thickness could reach 15~20μm, and the average solubility was 
5.71±1.31μg/mm3. The ability to resist dental caries of the coating was as well as nature 
enamel. 
3. The biocompatibility testing results show that the impurity element content of the 
coating powder is lower than those of medical hydroxyapatite powder content, accord with 
the medical industry standard limit. The coating had no cell toxicity to L-929, no oral mucous 
membrane irritation or short-term systemic toxicity to the tested animals. The 
biocompatibility of the material was in accordanc with medical industry standard of the 
People's Republic of China.  
In conclusion, it was a safe and efficient method to restore the initial enamel lesions by 
preparing hydroxyapatite coatings on human enamel using restoration paste. And it was 
significant to prevent and restore the initial enamel lesions rapidly and effectively in clinic. 
 
 


















































的力量，人体的牙齿结构如图 1.1 所示。 
牙釉质是人体内 坚硬的组织，它覆盖在牙冠的表面，是高度矿化的硬组织。其厚

























































颈部，其硬度和密度逐渐下降。牙釉质的一些物理特性如表 1.1 所示。 
 
表 1.1 牙本质和牙釉质的性质[4] 
  抗压强度/MPa 刚度/GPa 维氏硬度/VHN 断裂面的取向 Wr/J · m-2 


















单位晶胞含有 10 个 Ca2+，6 个 PO43-和 2 个 OH－，理论组成为 Ca10(PO4)6(OH)2，Ca/P 的
化学计量比为 1.67[3]。由于羟基磷灰石中的某些基团容易被碳酸根以及其他金属离子取
代，釉质中的磷灰石还含有 2%~4%的碳酸根和 1%的非钙金属，主要包括微量的 Na+、
K+、Zn2+、Sr2+、Pb2+、Ag+ 等。这些元素的加入在一定程度上造成了 Ca2+的缺失，使



























表面，行程不完全是直线，近表面 1/3 较直，内 2/3 弯曲。釉柱的横断面呈鱼鳞状，分
为头部和尾部，头部表面是一弧形清晰的周界，称为柱鞘，相邻釉柱头尾相嵌。釉柱内
羟基磷灰石晶体（c 轴）长 160~1000nm，截面尺寸分别为 40~90nm 和 20~30nm。头部
晶体长轴平行于釉柱长轴，在尾部呈 65°~70°倾斜。有机基质主要是釉蛋白和成釉蛋白。
在柱鞘处有机物分布较多，主要是不溶性的釉蛋白，可溶性的成釉蛋白主要分布于晶体
间隙[8]。牙釉质微观结构示意图如图 1.2 所示[9]。  
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图 1.3 牙釉质分级结构示意图[4] 
 
第 7 级，牙釉质：牙釉质是覆盖牙齿的 外层结构，厚度可达 2mm。 
第 6 级，釉柱交叉阵列：在釉质表面 1/3 层内，釉柱以放射状方式排列，在内 2/3
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为 90~130nm。 
第 2 级，羟基磷灰石纳米纤维：六方羟基磷灰石晶体按照 c 轴择优相互平行的方式
排列，进而形成了长达数微米的纳米纤维，纳米级微纤维被普遍认为是牙釉质的基本组
成结构，微纤维晶体的宽度约为 20~40nm。 




表 1. 2 牙釉质各分级的特征结构和尺度[12] 



















螯合学说、糖原学说等。这些学说都具有一定的片面性，20 世纪 60 年代初，Leyes 在
总结以往龋病研究成果的基础上，提出“三联因素”学说（细菌、食物、牙齿），20 世
纪 70 年代，Newbrun 在三联因素的基础上，增加了时间因素，从而提出了龋病病因的
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